u 

METHOD AND APPARATUS FOR FEEDING GAS PHASE REACTANT INTO A 

5 BackEroqnd of the Invention 

Field of the Invention 

1 0 The present mvention relates to the use of liquids and in particular solid substances as 
precursois of gas phase processing o^ e.g., thin films. Particularly, the invention concerns 
a method and an ap])aratas in which liquid or solid matter is vaporised in a reactant source 
and the vaporised leactant is fed into tiKe reaction chamber of a gas phase process for 
example for growing a fhin film on the substrate of a semiconductor device. 

15 

Description of Related Art 

During processing of semiconductor wafers various gases are fed into the reaction 
chamber. Typically the gases employed are present in gaseous fomi in tiic reactant source, 

20 They are also often gaseous at ambient (i.e. normal) pressure and temperature. Examples 
include nitrogen, oxygen, hydrogeu, and ammonia In some cases, gases of source 
chemicals which are liquid or solid at ambient pressure and tempemture are used Hiese 
substances may have to be heated to produce sufficient amounts of gases for the reaction. 
For some solid substances, the vapour pressure at room temperature is so low that they 

25 have to be heated even up to several hundred degrees centigrade. 

Generally tibie solid precursor is present in the form of a powder possibly may abundantly 
fmes, which make the solid matter into a dusting powder. The dust can easily be conducted 
along with the reactant and the small particles and fines can be conveyed by difl&ision. If 
30 the particles end up on the substrate they may cause small pin point sized holes and 
deformations in the thin film which can affect the operation of the film. 

Conventionally, the solid pr^ursor material has been placed in open containers which 
communicate with the reaction chamber. No means for separating dust from vfi^orised 
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reactant gases has been provided. The containeis are usually fitted inside tihe same pressure 
shell as the reaction chamber. As a result, the size of the pressure shell or vacuum vessel 
has to be increased. Furflier, Ae chemical is contacted with air during loading and 
maintenance operations which may lead to contamination of the precursor material- During 
5 loading of the chemical, the vacuum of the reactor chamber is broken. When the reactant 
source is located inside the reactor, there will also be constant evaporation of the chemical 
and at least some of the vaporised precursor will be drained via an outlet channel and some 
materia] will be deposited on the channel walls. 

10 Summary of the Invention 

It is an aim of the present invention to eliminate the drawbacks of prior solutions and to 
pro\dde an entirely novel method and q>paratus for feeding gas phase pulses fcom liquid 
or, in particular, solid sources into a gas phase reactor. 

15 

It is a further aim of the invention to provide a novel reactant source assembly for 
generating a gas phase reactant flow. 

These and other objects, together with the advantages ttiereof over known processes and 
20 apparatuses which shall become apparent firom the following specificatioxi, are 
accomplished by tiie invention as heremafier described and claimed 

The present invention is based on the idea separating the production of reactant gas from 
the use of the gas in a gas phase process. Basically this concept is implemented by 
25 providing two separate units, viz. a reactant source and a reaction chamber which are 

located in separate vessels each inside a pressure shell of its own, Hiereby the units can be 
separately and individually evacuated to allow for independent operation and maintenance 
ofbotL 

30 It is preferred to provide the reactant source with a gas inlet for feeding gas into the 
reactant source and a gas outlet for withdrawal of gaseous reactant. Thereby, carrier gas 
can be fed into the reactant source and the necessary flow of gas from the reactant source 
to the reactor can be achieved by means of the carrier gas which contains evaporated 
reactant 
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According to a particularly preferred enibodiinent, the reactant source comprises a first 
container having an opening and which is placed within a pressure shell and heated to the 
vaporising temperature by using heating means fitted within the pressure shell. The 
vaporised reactant is conducted from the container through a first purifier to remove 
5 impurities contained in the vaporised reactant; the vaporised reactant is collected in a gas 
space: and the gas phase reactant is fed from the gas space into the gas phase reaction 
chamber via a first conduit interconnecting the reactant source and the reactor. 

Based on the above, the invention provides a novel reactant source assembly for generating 
10 a gas phase reactant flow. It comprises a first container having an opening and containing 
liquid or solid reactant matter; a second contamer having a gas tight container wall 
enclosing the first container and defining a gas space around die first contakier; at least one 
first gas nozzle fitted in fiie container wall of the second container for feeding gas into the 
gas space; and at least one second gas nozzle fitted in the container wall of the second 
1 5 container for withdrawing reactant vaporized £x>m first container and collected in the gas 
space. 

More specifically, the method according to the invention is mainly characterized by what is 
stated in the characterizing part of claim 1 . 

20 

The reactant source assembly is characterized by what is stated in the characterizing part of 
claim 37. 

Considerable advantages are obtained by the present invention. The invention makes it 
25 possible to change and load new reactant chemical without breaking the vacuum of the 
reaction chamber. Contact between the reactant chemical and air can be prevented. No 
separate healing of the conduit interlinkizig the reactant source and the reaction chamber is 
needed. A constant flow of reactant gas can be ensured. Dust can efBcirotly be removed 
fi*om the reactant gas. The modular concept of the invention can be broadened so as to 
30 allow for a plurality of reactant sources connected to the same reactor. 

The invention can be applied to a large number of solid precursors, such as metal 
compounds^ such as metal halides, organometal compounds comprising metal-to-carbon 
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bonds, metalorganic compounds^ which do not comprise a metal-to-catbon bond but which 
contam carbon (e*g. thd compounds), and elemental metals. 

Next the invention will be examined more closely with the aid of a detailed description and 
5 with reference to a working embodiment. 

Brief Dcscriptian of the Drawings 

Figure 1 shows in apeispectlYe view a reactant source assembly combined with a reactor 
10 chamber. 

Figure 2 shows in a sectional side viewfhe principal construction of a reactant source 
according to the invention. 

Figure 3 shows in a perspective view the construction of the reactant source. 
Figure 4 shows in a sectional side view the construction of a solid source assembly. 
15 Figures 5a to 5c show various embodiments of the reactant container. 

Detailed Description of the Invention 

As discussed above, tiie invention concerns a method and an apparatus for feeding a gas 
20 phase reactant from a reactant source into a gas phase reaction chamber. In the method 
a reactant which is a liquid or solid at ambient temperature is vaporised from the reactant 
source at a vaporising temperature; and the vaporised reactant is fed into the reaction 
chamber. According to the mvention, the reactant source and the reaction chamber are 
located in separate vessels Viiiich can be individually evacuated Frefembly the reactant 
25 source and the reaction chamber are thermally isolated fiom each other. This can be 

achieved by providing them widi active thermal isolation comprising separate cooUng and 
heating means which keep the outer surfaces of the vessels at ambient temperature and 
achieves the necessary heating inside the vessel 

30 The heating means can comprise tubular resistive heater elements. 

The gas spaces of the reactant source and the reaction chamber are adapted to be 
communicating in order to allow for feed of gas phase reactant from the reactant sowce to 
the reaction chamber. However, the interconnectmg first conduit preferably comprises also 
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at least one valve vdiich is used for separating the gas spaces of the reactant source and the 
reaction chamber during evacuation and/or maintenance of either or both of the vessels. 
It is also possible to arrange fpr inert gas valving in the conduit to prevent flow of reactant 
from the reactant source to the reaction chamber by forming a gas phase bairier of a gas 
5 flowing in the opposite direction to the reactant flow in the conduit 

Because inactive, preferably inert gas, is fed into the reactant source, the reactant source 
can be operated at a pressure in excess of the pressure of the reaction chamber. For that 
purpose, the reactant source comprises at least one inlet for feeding gas into the reactant 
10 source and at least one outlet for wifli-drawing gas from the reactant source. The outlet of 
the reactant source preferably communicates with the reaction chamber. 

In order to r^ove any dispersed liquid droplets or solid particles, the vaporised reactant is 
conducted to a purifier. The purifier can comprise a semipermeable membrane or similar 
1 5 filter capable of essentially completely removing fines having a size of less than 0.0 1 pm, 
preferably less than 0.O05 \xm. 

As discussed in more detail in connection with the attached drawings, according to a 
preferred embodiment, the method of the invention comprises the following step: 
20 - vaporising the reactant from liquid or solid reactant matter maintained in a reactant 
source comprising a first container having an opening, said first container being 
placed within a pressure shell and being heated to the vaporising temperature by 
xising heating means fitted within the pressure shell; 

- conducting the vaporised reactant from the container through a first purifier to 
25 remove impurities contained in tiie vaporised reactant; 

- collecting the vaporised reactant in a gas space: and 

feeding gas phase reactant from the gas space into the gas phase reaction chamber 
via the first conduit. 

30 In this embodiment, in order to free the vaporised reactant from liquid or solid impurities, 
the evaporated reactant can be purified in a first purifier and then collected in the gas space 
mentioned. The furst purifier comprises, e.g. a filter (of any of the kind disclosed in 

i 

connection with the second jfilter below) cov<mg the opming of the container. 
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The present metiiod can be employed in any gas phase process including chemical vapour 
deposition, CVD. In particular it is suited to use in Atomic Layer Deposition, ALD, 
(foimerly known as Atomic Layer Epitaxy, abbreviated ALE). Commercially available 
technology is supplied by ASM Microchemistry Oy, Espoo> Finland, under Ihe trade mark 
5 ALCVD. In the ALD technology, rcactauts arc fed in the fonn of gas phase pulses 

alternately and separately into the reaction chamber. For the ALD embodiment, the present 
method can be modified by collecting the vaporised rcactant in a gas space having a gas 
volume significantly greater than the volume of the gas phase pulse; and feeding one gas 
phase pulse at a time from the gas apace into the ga$ phase reaction chamber via the first 
10 conduit. 

The gas space in which the vaporised reactant is collected can be formed around flie 
reactanl container, e.g. by the space between the container and a second container 
suirounding it 

15 

The gas space is maintained at a temperature equal to or higher daan the vaporising 
temperature to avoid condensation of the reactant. The gas volume of the gas space is 
preferably at least 5 times greater than the gas volume of one gas phase pulse. 

20 The container wall of the second container is made of a metal selected fi-om the group of 
stainless steel, titanium and aluminium, whereas the first contamer, in the following also 
called "ampoule", is made firom glass. 

The first container can also be made of a material wtuch has an additional non-reacetive 
25 surface coating to prevent corrosion of the material. 

A substantial lengA of the first conduit uiterconnecting the reactant source with the 
reaction chamber is contained within the pressure shell. Thus, the need for providing 
heating means around the conduit to prevent condensation of reactant vapours is reduced 
30 or eliminated. 

A second purifier can be placed in the first conduit. The second purifier comprises a 
purifying means selected from the group of mechanical filters, ceramic molecular sieves 
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and electrostatic filters capable of separating dispersed liqmd or solid droplets or pardcles 
or molecules of a minimum molecular size from the reactant gas flow. 

In order to prevent gas flow from the reactant source between the pulses, it is possible to 
5 foim an inactive gas barrier, as mentioned above. In practice, the gas barrier can be formed 
by feeding inactive gas into said first conduit via a second conduit, connected to the first 
conduit at a connection point, during the time interval between the feed of vapour-phase 
pulses from the gas space. The inactive gas is withdrawn from said first conduit via a third 
conduit connected to the first conduit, said third conduit being maintained at a temperature 
1 0 equal to or higher than the condensation temperature of the vapour-phase reactant and 
being connected to the first conduit at a point upstream of the second conduit. Thereby, an 
inactive gas flow of opposite direction to the reactant gas flow is achieved. 

A substantial length of the second conduit is preferably placed within the piessuxe shell to 
1 5 avoid the need for external heating, 

The third conduit is maintained at a temperature equal to or lower than the reaction 
temperature. The third conduit comprises an open gas flow channel placed within the 
pressure shell. 

20 

In all of the above embodiments inactive gas, such as nitrogen or argon, is used as a carri^ 
gas for the vaporised solid or liquid reactant The mactive gas is fed into the gas space via 
a fourth conduit 

25 It is particularly preferred to control the flow of vaporised reagent and optionally inactive 
gas through flie first conduit by valves ^ose regulating means are placed on the outside of 
the pressure shell. 

In practice the reactant source assembly can be fomied into a separate modular unit which 
30 can be replaced by a similar Amit when a new loading of the reactant chemical is needed. 
For this purpose the above mentioned second container is preferably detachably connected 
to the first and the fourth conduits. 
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Thus, in summary, the novel apparatus for feeding a gas phase reactant fiom a xeactant 
source into a gas phase reaction chamber comprises a reactant source Avhich can be 
maintained at a vaporising temperature for vaporising a liquid or solid reactant; and a 
reaction chamber, the reactant source and the reaction chamber comprising separate vessels 
which can be individually evacuated. The reactant source and the reaction chamber are 
preferably thermally isolated from each other and mterconnected with a first conduit 
comprising at least one valve. In the first conduit the flow of reactant from the reactant 
source to the reaction chamber can be prevented by forming a gas phase bander of a gas 
flowing in the opposite direction to the reactant flow in the conduit and the valve can be 
used for separating the gas spaces of the reactant source and die reaction chamber during 
evacuation of either or both of the vessels, TTie reactant source comprises at least one inlet 
for feeding gas into flie reactant source and at least one outlet for withdrawing gas from the 
reactant source. The outlet of the reactant source communicates with the reaction chamber. 

Based on the above, the reactant source assembly according to the invention comprises 
- a first container having an opening and containing liquid or solid reactant matter and 

a second container having a gas tiglit container wall enclosing the first container and 

defining a gas space around the first container. 

There is at least one first gas nozzle fitted in the container wall of the second container for 
feeding gas into the gas space; at least one second gas nozzle fitted in the container wall of 
the second container for withdrawing reactant vaporized &om first container and collected 
in flie gas space. At least one valve is connected to the first gas nozzle for controlling gas 
flow through the first gas nozzle into the gas space and at least one valve is fitted to the 
second gas nozzle for controlling gas flow duough the second gas nozzle from the gas 
space. 

Turning now to the embodhncnt shown in the attached drawings, it can be noted that the 
following reference numerals are used: 



1. Vacuum vessel 
r. Valve 

2. Heatmg elements 
2' . Hc^t reflector box 

3 . Heat reflector sheet 
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3\ Heat reflector door 

4, Solid source 
4\ Water cooling 

5. Inert gas valving 
5 6. Filter 

7. Oas space 

8. Closing valves 

9. Actuator 
9\ Line pipe 

10 10. Lead-in 

11. Ampoule 

12. Lid 

13. Sinter 

14. Lead-in 

15 15. Pressure relief valve 

16. Closing valve 

17. Closing valve 

30. Space for liquid or solid source chemical 

31. Sinter 

20 40. Space for liquid or solid source ch^cal 

41. Sinter 

50. Space for liquid or solid source ch^cal 

51. Sinter 

60. Reaction chamber 

25 

The reactant source is fitted into a vacuum vessel 1 the inner parts of which are heated by 
using radiation heaters 2 and a heat reflector sheet 3. The pressure shell of the vessel is 
equipped with water cooling 4, 4* for cooling the surface of the vessel to ambient 
temperature. The vacuum vessel is provided with a reactant source container which is 
30 capable of containing a sufiEicient amount of chemical for allowing for operation during an 
extended period of time, c.g. three months. The operational temperature of the reactant 
source module is 20 to 400 °C. 



The reactant container comprises a glass ampoule 1 1 which prevents direct contact 
35 between the chemical contained therein and the steel container surrounding the ampoide. 
The ampoule comprises a casing and a cover (a lid 12) which arc joined together by 
corneal joint having polished surfaces. The lid exhibits a ceramic sinter whose main task is 
to prevent carrier gas flow fed into the vessel from hitting the powdery reactant. Between 
the reactant source container and the gjass ampoule there is foraied a gas space 7 which 
40 has an essentially larger volume than one individual gas phase pulse. Thus, the gas space 
wiU be capable of diluting the concentration of the reactant pulse and to maintain a 
constant concentration of the gas phase pulse. 
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The pulsing of the vaporised tcactant fiom the source is implemented using a mtrogen gas 
barrier S. In this case there is only one pulsating valve and it has been fitted outside the 
vacuum vessel. 

5 

It is possible to attach several solid source assemblies to the reactor pressure shell, which 
makes it possible to operate at different temperatures. 

Inside the vacuum vessel there is a commercial filtration unit 6 which has an inner portion 
10 comprising a membrane made of ceramics^ steel or inert metal. The filter can be cleansed 
during operation by heating it to a temperature in excess of the use temperature and by 
pumpmg away the vaporised substance. The filter removes 99.9999999 % of particles 
larger than 0.003 (om. 

15 The reactant source ampoule can be exchanged during operation without contacting the 
chemical with air at any stage. This is carried out with the aid of full-raetallic closing 
valves 8 and nitrogen pressure in the pipmg. The reactant source can be changed without 
breaking of the vacuum in the reactor. This can be effected by closing the gas conduits 
communicating with the reactor with closing valves and by forming an inert gas valving 

20 against the flow of reactant gas from the source towards the reactor. No air is admitted into 
the reaction chamber. 

The closing valves are used for closing the reactant source and for closing the gas conduit 
interconnecting the reactant source and the reaction chamber afi)er each processing. The 

25 valves can also be used during heating and cooling of the reactant source. The higjiest 
operational temperature of the housing of flie valve is, e.g. close to SOO ^C. The valve 
assembly is constructed in such a way that the pneumatic actuator 9 is placed outside the 
vacuum vessel. The closing movement required by the valve can be achieved via a linear 
lead-in 10. Since the valve is made throughout of metal it is not entirely leak-tight For 

30 this reason there is arranged on the opposite side of the valve a nitrogen pressure, which 
hinders leaking, e.g. into the piping. 

In the embodiment disclosed in the drawings, the piping of the assembly and the reactant 
source vessel are placed within the pressure shell of the vacuum vessel. Preferably, there is 
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a constant flow of nitrogen in the piping and/or constant control of the pressure. The 
construction hinders health hazards caused by any leaks and processing problems caused 
by air leaking into the equipment. 

Figures 5a - 5c show three embodiments of the reactant container. In the fust embodiment 
the container 30 has a central axis and an annular cross-section perpendicular to the central 
axis. The opening 31 is fomied at least on the inner surface of the container. The opening 
is covered with a membrane, preferably a semipermeable membrane (including a ceramic 
membrane of the sinter -type) providing for dust removal. There arc inlet and outlet 
nozzles of the carrier gas flow and the carrier gas + reactant gas flow. 

In the second embodiment, the container 40 is cylindrical and it has ah opening 41 at the 
top end. This embodunent vm also discussed above in connection with die working 
embodiment In the third embodiment, the container 50 is cylindrical and it has an opening 
51 on the side walls, i-e, the side walls are made of a porous material, preferably a ceramic 
sinter to provide for filtering operation. 



